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che Yasui operation was first reported in 1987 describing
2 infants with interrupted aortic arch and severe left
entricular outflow tract obstruction (IAA/LVOTO).1 These
atients were treated by correction of the interrupted arch
ith an 8-mm polytetrafluoroethylene (PTFE) interposition
raft from the ascending aorta to the descending aorta, a
amus-Stansel-Kaye connection of the proximal pulmonary
runk to the small ascending aorta, closure of the ventricular
eptal defect (VSD) channeling the left ventricular blood
ivision of Cardio-Thoracic Surgery, Department of Surgery, Emory Uni-
versity School of Medicine and Children’s Healthcare of Atlanta at Eg-
leston, Atlanta, Georgia.
ddress reprint requests to Kirk R. Kanter, MD, Pediatric Cardiac Surgery,
Emory University School of Medicine, 1405 Clifton Road, Atlanta, GAw30322. E-mail: kkanter@emory.edu
06 1522-2942/$-see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1053/j.optechstcvs.2010.08.001hrough the VSD to the pulmonary valve, and creation of
ight ventricular to pulmonary artery continuity with a
4-mm Hancock valved conduit (Medtronic, Minneapolis,
N). This operation has evolved so that typically the inter-
upted arch now is repaired primarily with or without patch
ugmentation to include amalgamation of the proximal pul-
onary artery to the small ascending aorta similar to that
erformed for a Norwood operation. This operation has also
een used for the uncommon patient with 2 adequate-sized
entricles, a ventricular septal defect, and aortic atresia, for
hom these same principles are employed (hypoplastic left
eart syndrome (HLHS)/VSD). The term “Norelli” procedure
as been applied to this modification of the Yasui procedure,
ombining the essential elements of the Norwood procedure
ith the Rastelli procedure.
Yasui operation 207Operative TechniqueFigure 1 Uncommonly, a patient with aortic atresia or hy
ventricular septal defect (VSD), anatomy which is suitab
left heart syndrome; VSD  ventricular septal defect.poplastic left heart syndrome has 2 good ventricles and a large
le for a biventricular repair (HLHS/VSD). HLHS hypoplastic
208 K.R. KanterFigure 2 This depicts a cutaway of the anatomy of a patient with type B interrupted aortic arch with severe left
ventricular outflow tract obstruction (IAA/LVOTO). Commonly, these patients have aberrant origin of the right
subclavian artery from the descending aorta. The left ventricular outflow tract obstruction is both muscular (subval-
vular) as well as due to a hypoplastic aortic annulus and ascending aorta. A standard biventricular repair of interrupted
aortic arch with VSD, consisting of VSD closure and repair of the arch, could result in significant postrepair left
ventricular outflow tract obstruction. Although these patients can be managed with a neonatal Ross-Konno procedure
and arch repair, a Yasui operation is a useful alternative. IAA  interrupted aortic arch; LVOTO  left ventricular
outflow tract obstruction; VSD  ventricular septal defect.
Yasui operation 209Figure 3 Cannulation strategies. For the patient with IAA/LVOTO, arterial perfusion is established with a 3.5-mm PTFE
graft (Gore-Tex; W.L. Gore & Associates, Flagstaff, AZ) anastomosed to the distal innominate artery. The graft is
cannulated with an 8-French cannula. The descending aorta is cannulated directly through the proximal ductus
arteriosus also with an 8-French cannula and the 2 cannulae are connected to the arterial perfusion line. For patients
with HLHS/VSD, if there is a significant coarctation, we use 2 arterial cannulae. If there is only a mild coarctation, we
feel comfortable with just the PTFE graft to the innominate artery for arterial perfusion. Except for very small infants for
whom we will employ a single atrial cannula, venous return is with bicaval cannulation, thus avoiding the need for
circulatory arrest. The head and neck vessels are encircled with snares, which are tightened during the period of
regional perfusion. Alternatively, Yasargil aneurysm clips (McLean Medical & Scientific, St. Paul, MN) can be used to
control these vessels. Ao  aorta; MPA  main pulmonary artery.
210 K.R. KanterFigure 4 With institution of bypass and cooling to 20°C, the branch pulmonary arteries are snared and the ductus
arteriosus proximal to the insertion of the ductal cannula is suture ligated. A vent is placed into the left atrium through
the right upper pulmonary vein or left atrial appendage. The aorta is cross-clamped, and for patients with IAA/LVOTO,
cardioplegia can be infused directly into the small ascending aorta. For patients with HLHS/VSD, the cardioplegia is
delivered through the cannula connected to the innominate artery during a brief period of circulatory arrest, while the
distal innominate artery and the transverse aorta between the innominate artery and left carotid artery are clamped.
After cardioplegia delivery, the clamps are repositioned so that flow is resumed through the innominate artery graft and
a clamp is placed on the distal ascending aorta. The pulmonary trunk is transected just proximal to the pulmonary
bifurcation. With HLHS/VSD, the pulmonary transection can be performed before cardioplegic arrest. Ao  aorta;
MPA  main pulmonary artery.
Yasui operation 211Figure 5 The foramen ovale is partially closed through a right atriotomy, leaving a small communication in the event of
postoperative right ventricular dysfunction from the right ventriculotomy. This small residual atrial communication
allows for a right-to-left shunt to maintain cardiac output at the expense of mild systemic arterial desaturation. PFO
patent foramen ovale.
212 K.R. KanterFigure 6 A vertical right ventricular outflow tract incision is made just below the pulmonary valve to the right of and
parallel to the left anterior descending coronary artery. Care must be taken to avoid injury to the pulmonary valve itself,
which can be surprisingly inferior in its relation to the right ventricular free wall. It is helpful to place a right angle clamp
through the transected pulmonary trunk to tent up the right ventricular free wall below the pulmonary valve under
direct vision. This ventriculotomy exposes the perimembranous ventricular septal defect. The safe area for muscle
resection to enlarge the VSD (if necessary) without injury to the conduction tissue is shown with crosshatches. Ao 
aorta; MPA  main pulmonary artery; RA  right atrium; RV  right ventricle; VSD  ventricular septal defect.
Yasui operation 213Figure 7 AHemashield (Boston Scientific, Natick, MA) Dacron graft (usually 10 or 12mm) is opened longitudinally and
trimmed as shown in the inset. This is used to baffle the left ventricular outflow through the VSD to the pulmonary
artery. At least half of the circumference of the graft is used to insure a generous unobstructed pathway through the VSD
to the pulmonary valve. The superior tip of the baffle is typically at themost anterior portion of the right ventriculotomy
and the inferior tip of the baffle is oriented just near the papillary muscle of Lancisi. A continuous 5/0 polypropylene
suture is used for the majority of the baffle, keeping well on the right ventricular side of the VSD to avoid the area of the
conduction tissue. The portion along the septal leaflet of the tricuspid valve is typically closed with interrupted
pledgeted 5/0 polypropylene sutures with the pledgets on the atrial side of the tricuspid valve. This more easily can be
done through the right atriotomy. VSD  ventricular septal defect.
214 K.R. KanterFigure 8 The completed intraventricular baffle is shown. Note that the pledgeted sutures along the septal leaflet of the
tricuspid valve are on the atrial side of the valve. The use of the Hemashield (Boston Scientific) conduit gives a natural
curvature to the patch, reducing the likelihood of left ventricular outflow tract obstruction. Ao aorta; MPA main
pulmonary artery; TV  tricuspid valve.
Yasui operation 215Figure 9 After completion of the intracardiac portion of the operation, a cutback incision is made in the proximal
pulmonary trunk and a partial side-to-side anastomosis between the proximal ascending aorta and the proximal
pulmonary trunk is made using continuous 7/0 polypropylene. In the babies with HLHS/VSD whose ascending aortas
are typically only 1 to 2 mm, this separate cutback incision and partial side-to-side anastomosis seems to have
completely eliminated problems with coronary ischemia due to twisting or kinking of the proximal diminutive
ascending aorta. Ao  aorta; MPA  main pulmonary artery.
216 K.R. KanterFigure 10 At this point, the ductal arterial perfusion cannula is removed and regional perfusion is established using only
the cannula through innominate artery graft at flows of 20 to 30 mL/kg/min. The previously placed snares on the arch
vessels are tightened or Yasargil aneurysm clips (McLean Medical & Scientific) are placed. A clamp is placed on the
descending aorta as inferiorly as possible. For IAA/LVOTO, the ductal tissue is excised in its entirety and this incision
is carried down onto the proximal descending thoracic aorta for 5 to 10 mm. An incision is made in the right medial
aspect of the proximal left subclavian artery (dashed lines). A corresponding incision is made on the left lateral aspect
of the proximal ascending aorta and carried onto the proximal left carotid artery. Ao aorta; IAA interrupted aortic
arch; MPA  main pulmonary artery.
Yasui operation 217Figure 11 For the patients with IAA/LVOTO, a side-to-side anastomosis between the proximal aortic arch and the distal
aortic arch is performed with a side-to-side anastomosis between the left subclavian and left carotid arteries starting at
the apex of the incisions on the left carotid and left subclavian arteries.With adequatemobilization of the ascending and
descending aortas, this is easily performed without tension. The undersurface of the reconstructed arch is left open.
218 K.R. KanterFigure 12 The arch repair is completed with a piece of homograft enlarging the newly reconstructed transverse arch
extending down onto the amalgamation between the proximal ascending aorta and pulmonary trunk in a fashion
identical to arch reconstruction for the Norwood operation using a 6/0 or 7/0 polypropylene continuous suture.
IAA/LVOTO  interrupted aortic arch with left ventricular outflow tract obstruction.
Yasui operation 219Figure 13 For the patients with aortic atresia and 2 good ventricles (HLHS/VSD), a typical Norwood arch reconstruction
is performed. If there is a tight coarctation, a coarctectomy is performed (not shown); otherwise, just a patch is used to
enlarge the undersurface of the hypoplastic arch from the descending aorta beyond the ductal insertion site down to the
previously created junction of the hypoplastic ascending aorta and the proximal pulmonary trunk. HLHS hypoplas-
tic left heart syndrome; VSD  ventricular septal defect.
220 K.R. KanterFigure 14 A valved homograft is now used to establish right ventricular to pulmonary artery continuity. Our preference
is a cryopreserved pulmonary homograft of 10 to 14 mm. If a pulmonary homograft is unavailable, then an aortic
homograft is used. If no suitable homograft is available, then we would use a Contegra bovine jugular vein valved
conduit (Medtronic). The graft first is trimmed and then an end-to-end anastomosis between the distal homograft and
the pulmonary bifurcation is performed with a continuous 6/0 polypropylene suture. MPAmain pulmonary artery.
Yasui operation 221Figure 15 The superior edge of the right ventriculotomy is sewn to the posterior wall of the proximal homograft with
continuous 5/0 polypropylene incorporating the leading edge of the VSD patch into a portion of this anastomosis for
hemostasis and security.
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222 K.R. Kanterrimary versus Staged Repair
lthough we have employed a primary Yasui operation both
or IAA/LVOTO as well as for the variant of hypoplastic left
eart syndrome with 2 good ventricles, a ventricular septal
efect, and aortic atresia (HLHS/VSD), we commonly stage
he repair.2 The first operation consists of a Norwood proce-
ure for the HLHS/VSD patients either with a modified Bla-
ock-Taussig shunt or, more recently, with a right ventricular
o pulmonary artery shunt (Sano modification). In the pa-
ients with IAA/LVOTO, a primary arch repair with a Nor-
ood type arch reconstruction (Figs. 10-12) is performed
ith creation of right ventricular to pulmonary artery conti-
uity with a 5- to 6-mm nonvalved PTFE conduit without
SD closure. These patients typically do quite well. At 4 to 6
onths of age, as they become more cyanotic, it is a more
traightforward operation to perform the intracardiac portion
f the operation with a Rastelli-type repair (Figs. 6-8). With
he staged approach, we reported a zero operative mortality2
ompared with an 18 to 23% early mortality in other series
ith a primary Yasui procedure.3,4 Another advantage of the
taged approach is the flexibility at the second “reparative”
peration. Options include completing the Yasui operation
y performing a Rastelli-type procedure, a Ross-Konno op-
ration, or occasionally just VSD closure with left ventricular
utflow tract resection, takedown of the Damus-Stansel-Kaye
nastomosis, and primary connection of the native pulmo-
ary valve to the pulmonary bifurcation, obviating the need
or a right ventricular to pulmonary artery conduit.2
Naturally, with a primary Yasui operation and usually with
Figure 16 Right ventricular to homograft continuity is es
uous 5/0 polypropylene to complete the repair.he staged repair, the child will eventually require replace-ent of the valved conduit used to establish right ventricular
o pulmonary artery continuity. We have not attempted to
erform this operation with a nonvalved conduit as proposed
y Uemura and colleagues.5
onclusions
he Yasui operation is a useful technique for themanagement
f patients with IAA/LVOTO and with HLHS/VSD. As sur-
eons have becomemore skilled with the operative and post-
perative care of patients with hypoplastic left heart syn-
rome palliated with a Norwood procedure, the results with
he Yasui operation can be expected to be quite good, both as
primary operation as well as a staged procedure.
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